Objective To analyze the clinical characteristics of patients with gastrointestinal bezoars and their response to therapy. Patients We retrospectively reviewed the cases of 19 patients diagnosed with gastrointestinal bezoars at the Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences or one of 15 collaborating institutions between December 2004 and August 2013. We investigated the epidemiology and etiology of the gastrointestinal bezoars by determining the gender, age at diagnosis, medical history, symptoms, complications, modalities used for diagnosis, treatments, outcomes and bezoar location, color and contents. Results There were 17 patients with gastric bezoars and two patients with small intestinal bezoars. All patients were 62 years of age or older, except for one case of a trichobezoar in a 10-year-old patient. Some of the patients had a history of surgery of any part of the gastrointestinal tract (n=5) and/or diabetes mellitus (n=2). The two patients with small intestinal bezoars required surgical removal in order to relieve ileus. Approximately one-half of the patients with gastric bezoars had ulcerations in the stomach (9/17 patients, 52.9%) and/or gastrointestinal bleeding (8/17, 47.1%). Endoscopic fragmentation was performed in 10 patients, whereas bezoar dissolution was achieved with a gastroprokinetic agent (n=1) and without any treatment (n=3) in the remaining cases. Conclusion As previously reported, elderly individuals with a positive history of surgery and/or diabetes mellitus were observed in this bezoar patient series. Gastric ulcers and gastrointestinal bleeding were frequently observed. The majority of patients underwent endoscopic fragmentation, while spontaneous resolution of the gastric bezoar was observed in several cases.
Introduction
A bezoar is a discrete mass composed of indigestible foreign material(s) found in the gastrointestinal tract. These persistent concretions are present most commonly in the stomach, whereas small intestinal bezoars are found in rare instances in patients presenting with ileus. Bezoars are classified into several types according to their composition: plant and vegetable fibers (phytobezoars), hair (trichobe-zoars), medications (pharmacobezoars) or milk protein in milk-fed infants (lactobezoars). Bezoars are relatively infrequent, with a reported incidence of 0.07% to 0.4% (1) (2) (3) .
Although several bezoar case series have been reported from Western countries (3) (4) (5) (6) and South Korea (7), only single case reports or small case series describing a few Japanese patients are available, to our knowledge (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . In Japan, the epidemiology and etiology of bezoars have not been fully elucidated, and treatment is empirical. We therefore conducted a multicenter, retrospective study of Japanese patients with gastrointestinal bezoars to determine the clinical characteristics and responses to therapy in this patient population.
Materials and Methods
Letters of inquiry regarding patients with gastrointestinal bezoars were sent from the Department of Gastroenterology and Hepatology, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences to 15 collaborating institutions. The inclusion criteria were as follows: the presence of an indigestible mass in the gastrointestinal tract diagnosed on an endoscopic examination or computed tomography (CT). A total of 20 patients diagnosed with gastrointestinal bezoars between December 2004 and August 2013 were identified. We excluded the case of 3-year-old boy who ingested a small stone from the roadside because the case was managed as foreign body ingestion, rather than the presence of a bezoar, which are typically formed in the gastrointestinal tract. A final total of 19 patients were retrospectively registered in this study. Some of these 19 patients were also subjects of our previous studies (23) (24) (25) .
In order to determine the epidemiology and etiology of the bezoars, we retrospectively examined the gender, age at diagnosis, medical history, symptoms, complications, modalities used to make a diagnosis, treatments and outcomes. The location, color and contents of the bezoars were also investigated. The color(s) of the bezoars were recorded based primarily on the description of endoscopy or surgery reports. The color was also verified by viewing photographs obtained during endoscopic examinations or of surgically extracted specimens, if available.
Results
The patients' characteristics are shown in Table 1 and 2. There were six men and 13 women, ranging in age from 10 to 93 years. Except for the 10-year-old patient with a trichobezoar (Patient 19), all patients were 62 years of age or older. Among the 19 patients, three had a history of partial gastrectomy. Other surgical histories of the gastrointestinal tract included repair of esophageal herniation (n=1), repair of gastric ulcer perforation (n=1) and colectomy (n=1). Diabetes mellitus was detected in two patients.
In terms of the symptoms caused by the gastrointestinal bezoars, pain (epigastric or abdominal) was most frequently documented (n=9). The patients also manifested bloody or tarry stools (n=4), anemia (n=4), abdominal fullness (n=3), epigastric discomfort (n=3), difficulty swallowing (n=3), hematemesis (n=2), anorexia (n=1), nausea (n=1) and fainting (n=1). Seventeen patients had bezoars in the stomach, while the remaining two patients had bezoars in the small intestine. All gastric bezoar cases were diagnosed on esophagogastroduodenoscopy. Endoscopic images of representative cases are shown in Fig. 1-3 . The small intestinal bezoar cases were detected on CT scans. The two patients with small intestinal bezoars presented with ileus. As to the complications of the gastric bezoars, gastric ulcers were frequently seen (n=9), as well as acute gastric mucosal lesions (n=1) and gastric tumors (n=1). The gastric ulcers were found in the gastric angle in most cases (7/9 patients, 77.8%).
The color of the bezoar was black in eight cases, followed by tan (n=5), beige (n=2), ocher (n=1), yellowishgreen (n=1) and a combination of green and brown (n=1). Because the majority of the patients did not undergo ultrasonography or CT, estimating the accurate size of the bezoars was difficult in these cases. The sizes of the bezoars were described in the medical records of eight cases, ranging from 3 to 10 cm in diameter. Component analyses using infrared spectroscopy were performed in nine patients. In eight patients, fragments of the bezoars were extracted using an endoscopic retrieval net device or via surgically removed samples; these fragments were used for the component analysis. In all eight of these patients, a high concentration of persimmon tannin was detected in the bezoars. Therefore, these patients were diagnosed with persimmon phytobezoars (i.e., diospyrobezoar). In one patient (Patient 18), biopsy samples endoscopically obtained from the bezoar were used for the component analysis; however, only a small amount of protein was detected and the composition was not completely identified.
Endoscopic fragmentation was applied in 10 of the gastric bezoars, and the bezoars were successfully eliminated in eight of these cases (80%). The bezoars were eliminated with a single session of endoscopic fragmentation in three patients, whereas the other five patients required two sessions. Various types of endoscopy devices, including biopsy forceps, alligator forceps, three-prong grasping forceps, a polypectomy snare, a basket catheter, an argon plasma coagulation device and an electrohydraulic lithotripsy device, were used for fragmentation. In Patient 19, a trichobezoar was fragmented using several types of electrosurgical knives, including an insulation-tipped diathermic knife (Olympus Optical Co., Tokyo, Japan), ClutchCutter (Fujifilm Medical Co., Tokyo, Japan) and Mucosectom (Pentax Medical Co., Tokyo, Japan), which are generally applied for the endoscopic submucosal dissection of gastrointestinal tumors. The condition of one patient (Patient 17, 93 years old) deteriorated due to thrombosis of the lower limb arteries, and she died from multiple organ failure before the completion of treatment of the gastric bezoar. Patient 2 underwent surgical removal of the gastric bezoar because the initial treatment with endoscopic mechanical fragmentation failed. Coca-Cola , a well-known beverage with lytic activity for gastrointestinal bezoars (4, 6, 23) , was administered orally (n=2) or via endoscopic spraying (n=3) or endoscopic injection (n=2). However, complete resolution of the bezoars was not achieved with Coca-Cola administration alone; thus, Coca-Cola was used in combination with endoscopic mechanical fragmentation. The two patients with small intestinal bezoars underwent surgical removal of the bezoars for relief from ileus. Surgical resection of a gastric lymphoma was performed in Patient 16, who developed pyloric stenosis due to a lymphomatous tumor. The per oral administration of metoclopramide was effective in resolving the gastric bezoar in one patient (Patient 18). Interestingly, the gastric bezoars disappeared in three patients who received no specific treatment, based on the decision of the attending physician (Fig. 3) . Endoscopic examinations performed nine days (Patient 14), 39 days (Patient 15) and 74 days (Patient 12) after the initial examination revealed the complete disappearance of the bezoars in these patients.
Discussion
It has been reported that delayed gastric emptying is a risk factor for bezoar formation. Therefore, elderly patients and those with diabetes mellitus or a history of gastrointestinal surgery are more likely to develop bezoars due to impaired gastric motility (26) (27) (28) . The present patients' characteristics were consistent with these features; all patients were 62 years of age or older, except for one patient with a trichobezoar. Some of the patients had a history of gastrointestinal tract surgery (n=5) and/or a history of diabetes mellitus (n=2). More than half of the patients with gastric bezoars also had gastric ulcers (9/17 patients, 52.9%) and approximately one-half of the patients exhibited symptoms of gastrointestinal bleeding, such as anemia, hematemesis and (7) . The development of ulceration in the gastric mucosa with subsequent gastrointestinal bleeding is the result of pressure necrosis induced by the bezoars (28) . Bezoars can also cause gastric outlet obstruction and ileus, as observed in our cases. In symptomatic patients, the dissolution or removal of the bezoars is usually performed; however, there is no consensus regarding the management of bezoars. To date, there have been several reports describing the clinical utility of administering Coca-Cola to dissolve phytobezoars (4, 6, 29, 30) . The first successful treatment outcomes achieved with Coca-Cola lavage were reported in 2002 by Ladas et al., who treated five gastric phytobezoar patients (4). In the latest review by Ladas et al., 24 publications describing 46 patients were summarized, and the authors noted that phytobezoar resolution was achieved with Coca-Cola administration in 91.3% of the cases, either as the sole treatment or in combination with additional endoscopic procedures (6) . Moreover, our recent report provided in vitro evidence showing the superior dissolubility of bezoars with Coca-Cola or similar cola beverages (23) . Therefore, the administration of Coca-Cola can be considered as a first choice of treatment in cases of phytobezoars, as the beverage is effective, easily available, inexpensive and safe. Ladas et al. recommended gastric lavage with 3,000 mL of Coca-Cola for 12 hours or the ingestion of 3,000 mL of Coca-Cola over a 12-hour period (6) .
Despite its reported usefulness for dissolving phytobezoars, the per oral administration of Coca-Cola was performed prior to endoscopic fragmentation in only two patients in our study. A possible explanation for this result is that elderly Japanese individuals are not familiar with CocaCola and thus drinking 3,000 mL of Coca-Cola or undergoing lavage with 3,000 mL of Coca-Cola may be difficult for such patients. Another explanation is that the prompt removal of bezoars with endoscopic devices or surgery may be preferred by physicians, as most of the present patients with bezoars had gastrointestinal complications, such as gastric ulceration and ileus. Eventually, the complete disappearance of the gastric bezoars was achieved with endoscopic fragmentation with or without Coca-Cola administration, in most cases (8/10 patients, 80%), and removal of the small intestinal bezoars was successfully performed in both cases (2/2 patients, 100%).
The administration of metoclopramide was effective in resolving the gastric bezoar in one patient (Patient 18). As described above, delayed gastric emptying likely results in bezoar formation (26) (27) (28) . Gastroprokinetic agents may therefore help to break down bezoars in patients with poor gastric motility, if the bezoars are soft enough to be digested with gastric peristalsis. It is noteworthy that spontaneous disappearance of the gastric bezoars was observed in three patients. The outcomes of these cases raise the possibility that some patients with gastric bezoars can be managed without specific treatment. Further studies must be conducted to identify patients for whom the spontaneous dissolution of bezoars can be expected following treatment with gastroprokinetic agents or the absence of any therapies. At present, we consider the administration of Coca-Cola to be the first choice as conservative therapy for phytobezoars because it is reportedly effective (6, 23) and inexpensive. Careful follow-up either with the use of gastroprokinetic agents or without any specific treatments is a potential choice of management in patients who have difficulty drinking Coca-Cola or undergoing Coca-Cola lavage, unless the patient has serious complications. The use of endoscopic fragmentation or surgical removal is justified in urgent cases, such as those involving gastrointestinal bleeding and/ or ileus, or patients with refractory bezoars.
Trichobezoars require different management strategies from phytobezoars. Enzymatic degradation and pharmacotherapy have been reported to be ineffective for treating trichobezoars (31) . Performing endoscopic fragmentation is generally impossible due to the hard consistency and high density of the hair conglomerate. Gorter et al. reviewed 40 reported trichobezoar cases in which endoscopic removal was attempted and found that elimination was successful in only two of these cases (31) . Indeed, most trichobezoars are removed via laparotomy or laparoscopic surgery. In the present study, one patient with a trichobezoar (Patient 19) underwent Coca-Cola administration and endoscopic fragmentation using an argon plasma coagulation device and polypectomy snare; however, the initial attempt failed. Subsequently, electrosurgical knives were employed, and the bezoar was successfully fragmented. Electrosurgical knives developed for endoscopic submucosal dissection may thus be useful for treating trichobezoars.
In summary, elderly individuals with a history of surgery and/or diabetes mellitus were included in the present study. Two patients with small intestinal bezoars presented with ileus and required surgical removal of the bezoars. Half of the patients with gastric bezoars exhibited gastric ulceration, and endoscopic fragmentation was performed in 10 patients. Bezoar dissolution was observed in some patients following the administration of gastroprokinetic agents or the absence of any treatment.
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